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韭发育雌配子体中Ca2+分布特征
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摘要: 对韭开花前1 d到开花后2 d的发育胚囊中Ca2+分布特征进行研究, 结果显示: 在开花前1 d游离核胚囊形成细胞, Ca2+主
要分布在极核周围的细胞质小液泡中, 与中央细胞的大液泡形成有关; 在开花当天, 卵细胞大液泡体中Ca2+增多, 与其大液
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Abstract: Characteristic of Ca2+ distribution in developing female gametophyte of Allium tuberosum was studied 
from 1 d before anthesis to 2 d a fter anthesis. At 1 d before anthesis, the nuclear embryo sac differentiates game-
tophyte cells. Calcium precipitates of young embryo sac were few and mainly located in the small vacuoles sur-
rounding polar nuclei, suggesting Ca2+ relating with the formation of the large vacuole of central cell. At anthesis, 
the precipitates in large vacuole of egg increased, also suggesting Ca2+ relating with formation of the large vacuole 
of egg cell. At 1 d after anthesis, the precipitates in egg cell decreased and increased in synergid cells, in which 
the precipitates displayed polarity distribution: more in the micropyle end of the cell than in the chalazal end. At 2 
d after anthesis, the precipitates in the large vacuole of egg and the micropyle part of central cell appeared again. 
The precipitates in fi liform apparatus of both synergids also increased. One synergid cell degenerated, which pre-
pared to accept pollen tube. The characteristic of calcium distribution in developing embryo sac of A. tuberosum 
suggests that Ca2+ may regulate cell differentiation of embryo sac. Exploring the spatial-temporal feature of Ca2+ 
distribution in developing embryo sac is a base of further study of cell differentiation of embryo sac.













































































































3  开花后1 d的雌配子体
开花后1 d, 胚囊珠孔端的壁外侧聚集了较多
的钙沉淀颗粒, 但壁内侧较少(图3-A)。此时, 2个
图1  韭开花前1 d发育胚囊中Ca2+分布
Fig.1  The calcium distribution in developing embryo sac of A. tuberosum at 1 d before anthesis
图片均按倒生胚珠的珠孔在下, 合点在上的方向排列。A: 标尺=100 μm; B~F: 标尺=1 μm。A: 韭胚珠切片, 示其胚囊结构。上面箭头
为胚囊合点端, 下面箭头为胚囊珠孔端。B: 开花前1 d的胚囊珠孔端的游离核分化。E: 卵细胞; S: 助细胞。C: 胚囊合点端的3个游离核(n)


















Fig.2  The calcium distribution in developing embryo sac of A. tuberosum at anthesis
图片均按倒生胚珠的珠孔在下, 合点在上的方向排列。标尺=1 μm。A: 开花当天, 卵器细胞已分化, 2个助细胞(E)的液泡化程度较低, 
卵细胞(S)的液泡化明显; B: 卵细胞(E)液泡中聚集许多细小钙沉淀颗粒; C: 卵细胞(E)小液泡边缘有较多钙沉淀颗粒(箭头); D: 中央细胞
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器中钙沉淀颗粒也比以前增加(图4-D)。此时, 2个
助细胞之间已发生了明显的差异: 宿存助细胞的细





图3  韭开花后1 d发育胚囊中Ca2+分布
Fig.3  The calcium distribution in developing embryo sac of A. tuberosum at 1 d after anthesis
图片均按倒生胚珠的珠孔在下, 合点在上的方向排列。标尺=1 μm。A: 开花后1 d, 胚囊的珠孔端壁极性聚集钙沉淀颗粒(箭头); B: 在
助细胞珠孔端出现较多含钙沉淀颗粒的内质网片层(箭头); C: 在2个助细胞珠孔端的公共壁上形成丝状器(FA), 其中钙沉淀颗粒很少; D: 









图4  韭开花后2 d发育胚囊中Ca2+分布
Fig.4  The calcium distribution in developing embryo sac of A. tuberosum at 2 d after anthesis
图片均按倒生胚珠的珠孔在下, 合点在上的方向排列。标尺=1 μm。A: 胚囊合点端2个助状反足细胞(SA)已呈退化状, 将仍完好的卵
状反足细胞(EA)包围。B: 卵状反足细胞(EA)大液泡中有少量钙沉淀颗粒。C: 开花后2 d, 胚囊珠孔壁(EW)中的钙沉淀颗粒增多。D: 助细












专著报道(Bush 1993, 1995; Gilroy等1993; Sanders
等1999)。然而, 有关细胞中Ca2+的生理功能研究, 
即在非刺激条件下Ca2+对细胞分化的调控机制还
















































































Russell 1997)。在莴苣开花前3 d, 助细胞刚刚形成, 
其中钙沉淀颗粒很少; 开花前2 d, 助细胞的细胞壁
中钙沉淀颗粒有所增加; 开花当天, 助细胞珠孔端
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花当天, 助细胞刚分化, 其中的钙沉淀颗粒不多; 
在开花后1 d, 在助细胞的局部区域钙沉淀颗粒明














陈琳 , 张亚楠, 邱一兰, 田惠桥(2010). 莴苣胚囊细胞分离. 云南植物
研究, 32 (4): 232~327
菅明霞, 张亚楠, 王雅英, 田惠桥(2009). 葱卵细胞的分离. 植物学
报, 44 (3): 345~350
邱义兰, 刘如石, 田惠桥(2007). 莴苣助细胞发育过程中钙的分布研
究. 分子细胞生物学报, 40 (4): 253~261
田惠 桥, 杨弘远(1989). 韭菜未传粉子房培养中单倍体的胚胎发生
和植株再生. 实验生物学报, 22 (2): 139~147
田惠桥, 杨弘远(1991a). 韭菜胚囊发育与胚胎发生. 武汉植物学研
究, 9 (1): 5~10
田惠桥, 杨弘远(1991b). 韭菜孤雌生殖和反足细胞无配子生殖的超
微结构观察. 植物学报, 33 (11): 819~824
魏冬梅, 菅明霞, 陈琳, 田惠桥(2009). 韭菜卵细胞、合子及原胚的
分离. 细胞生物学杂志, 31 (2): 286~290
余凡立, 梁世平, 杨弘远, 汪艳(1998). 甘蓝型油菜授粉前后珠孔
和胚囊中钙分布的超微细胞化学定位. 植物学报, 40 (6): 
591~597
Brewbaker JL, Kwack BH (1963). The essential role of calcium ion 
in pollen germination and pollen tube growth. Am J Bot, 50: 
859~865
Bush DS (1993). Regulation of cytosolic calcium in plants. Plant 
Physiol, 103: 7~13
Bush DS (1995). Calcium regulation in plant cells and its role in sig-
naling. Ann Rev Plant Physiol Plant Mol Biol, 46: 95~122
Chaubal R, Reger BJ (1992). The dynamics of calcium distribution in 
the synergid cells of wheat after pollination. Sex Plant Reprod, 5: 
206~213
Chaubal R, Reger BJ (1993). Prepollination degeneration in mature 
synergids of Pearl millet: an examination using antimonate fi xa-
tion to localize calcium. Sex Plant Reprod, 6: 225~238
Ge LL, Tian HQ, Russell SD (2007). Calcium function and dis-
tribution during fertilization in angiosperms. Am J Bot, 94: 
1046~1060
Gilroy S, Bethkeand PC, Jones RL (1993). Calcium homeostasis in 
plants. J Cell Sci, 106: 453~462 
He CP, Yang HY (1992). Ultracytochemical localization of calcium in 
the embryo sac of sunfl ower. Chin J Bot, 4: 99~106
Holdaway-Clarke TL, Hepler PK (2003). Control of pollen tube 
growth: role of ion gradients and fluxes. New Phytol, 159: 
539~563
Mascarenhas JP, Machlis L (1962). Chemotropic response of Antirrhi-
num msjus pollen to calcium. Nature, 196: 292~293
Miller DD, Callaham DA, Gross DJ, Hepler PK (1992). Free Ca2+ gra-
dient in growing pollen tubes of Lilium. J Cell Sci, 101: 7~12
Rathore KS, Cork RJ, Robinson KR (1991). A cytoplasmic gradient of 
Ca2+ is correlated with the growth of lily pollen tubes. Dev Biol, 
148: 612~619
Sanders D, Brownlee C, Harper JF (1999). Communicating with cal-
cium. Plant Cell, 11: 691~706
Tian HQ, Russell SD (1997). Calcium distribution in fertilized and 
unfertilized ovules and embryo sacs of Nicotiana tabacum L. 
Planta, 202: 93~105
